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MECHANICAL POLISHING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve accuracy of a 
polishing process and hereby ensure further 
advantageous information by making a laser beam 
incident on a wafer during part of a period of time and 
detecting light reflected on the wafer when the wafer is 
on a window disposed in close vicinity of as platen hole. 
SOLUTION: A platen pad 18 is constructed by laminating 
a backing layer 20 and a polyurethane cover layer 22 on 
a platen 16, and a hole 30 is formed in the platen 16 and 
the backing layer 20 as a window. On the window a wafer 
14 held by a polishing head 12 is disposed, and a laser 
beam 34 is made incident on the carfare of the wafer 14 
transmitting the cover layer 22 through a laser 
interferometer 32 during part of a period of time. The 
laser beam 34 incident on the wafer 14 is reflected on 
the wafer 14, and the reflected laser beam 34 is 
detected by the laser interferometer 32. Hereby, 
accuracy of a polishing process is improved and hance 
useful information is ensured. 
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fjg£&&o fit. I©T-^i#8IH •9">7 P U> 

^ $ n tt & m m n £ rcs? t f - 9 m n & m n t z> tz &> 



[0 0 12] ^-^^W^gfCt^^-^m^OUi^ 

t. ^xAwRYkttjioaiB^sEW^n*!-'— tf-t* 

^tffl HTTIIiiJ't b -5 * \Z <k 0 . MMW&fc©T'* 
•5. $EoT, 77>2mty>l (blank oxide)^XA<£& 

ft«B*»<ncMP^atx©Mn ^-^m^- 

ltJ-r^;KD^fC^*$n-5^©J?^S;tt#L, 
[0 0 13] ^^^^Kfk^l^XACOCMP^S^*^ 

*i&-r*9J©*ffitt, •y--r^;poR)f^(D»x«i^^^ 
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3: J? £ £ iiiSti L T53I 0 © C M P Bf ffl L . 

fbT, d©^9©CMPISfP^;o<&jIL;fd&CMP:7"n 

[0 0 14] EK, d©S0C0CMP^F B 1tt, 

^^46. tM?;u©fii£©&*<£i; 
m Ki m l ic* v»xKi*s nfc/ps £t £igfa v c ©m w 

[0 0 15] L**U ^XA*»j6»*»e>T^— 
Br W iS * # T -5 fc * C M P 7 D ± X T ¥ Sffc 2 ft 5 ^ * 

K&ofc8^&ttft«H»itt&#lxfc^. dO^r-XT 

CMP^Dt^O^H x-^<I^©^J8&^<t£& 

MP:/D-tex£i&l7£l±£. ttiirittftlfeBB*£ffl^* 
9 WSft-5. itf*L<«. d©&ffiB3fite. d 

[0 0 16] &frlC<fcoT«. /^-=>^Snfc^I 
©IKJPJi. WJfi©jpfifl:»cJ;oTV»"3t>a*-c**ttt 

[0017] ^-^©#SBicioffit;^ns^ 

itfir^coCMPyp-feX©^©^^ 
©Tjffite, JKT©X^-y:/£fiix.T^£ : 5fflS4>(cU- 

e>©K#t2ft-5 d t c«fc D^^Ts^ft^&^n^-r 

5Xf7^i ; d ©^FgMS^ tt©RS£ (measure 
)^tr»T^X^-yy<to 

[0 0 18] »*U^I*:«T?tt. CWtf-^-r^X^-y 
T*«§*>6«rltfitSiait*Iit : d©« 

m $ nfc wttA ^ e i^-tt© s smc-r * ia t * 

d©7Jtett. i3-14©Rg?£##<it£J£ 



HtafcWKltt, ft 1 <D&&RZt& 2 
[0 0 19] MIKtflfcte, SiJ©#m<i:bT. 

d -t x ©tt m y is* ol v \z s fc* 

*. d©75ffite, RTOXfy5 , m4:»i1'l:3ie 

f- A (C «fc o Tfg3£ $ *l -5 £ =E X 9 f -5 X ^ y 

:/£ ; T*«**6S/ir*^+ (signature )$ttffi-r?> 

0f aoJWWO h -5 ffi i ttttf ^ X 5r 

t. 

[0 0 2 0] «T01#*«»*«* 

w^^x^^-fSH-ttc^m^&^-rsx^y^ 
tttSj-r-sxes^rbTi^*. 

[0 0 2 1] «tt»WtC, SfcS<]©#^tL-T. *^BJ 
14, RT^fflxSS«5ff^->X^AT*^S : J8iS*«W 

fc^f— A(collimated light beam ) ^r^^-TS^^nl 
[0 0 2 2] »*L^*flc0i|TJ4, 1^7 Ht^7- 

ture information )$J4llit5<j;5i: ; ttmcftl 
#*«ttkiSEf S<k-5(r ; — lt©R«*t##ffl 

^yAsnws. 

[0 0 2 3] «BlWfc, MicS"J©#t5ii:L.T. *%B^ 
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5-x>»4a#£jt»-r*»is«*u wm-hu jte 

-Ale* W«<D»fP<D^34<t«>— WOM^dOilB* 

[0 0 2 4] «iaMfr, *fc»J«Dl»*fcLT\ 
^TJ8l>*fc»CDW«Ay uO»*;ty H 

©ttOBW^SMltt, *ffl/fcHBit*l:KWSnsB 
[0 0 2 6] 

-7^> 1 6 Kite*-;!/ (7*0 3 0^«sn, CCD*;- 
;W4^5-: fWXy H 1 8 0±C»5. Uf»A7Hl2 

^4A^tl5. 1/— *f— 3 2 tt. ^7-f>16 
OTK&oT, *-;P3 0*^XA 1 4fciE8SUfcRM;: 
it. I'-tf-^K- 3 2 CJ;oTg|$ns if- 1: 
-A3 4^y^-"T-> 1 6GD*-;!/3 O^iialbT-ecO 
±l:**9x/\i 4 OSIHKAirr 0 

[0 0 2 7] :/y-< x>*-;U 3 0 Rtf^XA 1 4 CDf¥ 
»6B (^XA^77-r/*-iI/3 0 coiit;: 
<D) 03 (a) - (c) K^SttS. 03 (a) K 

u-if-t:-A3 4<Dtztb<D&4 ywtvxmm 
•tz>9*—y'f >-y— h 3 8 ^^LTcn*jg*T^/i 

y7-f>16M>*-h3 80ra 

co< >?-y x— xa*~>-;i/£*i, ^xa 1 4 <h< >u- 
«k5i:snt^, >it- h 3 8te, 7^- 

f>i6©±iBO±l:*fflU a^WKT^-^Wty 
K 1 8<7)*tCAOjAtTo £<B-f >1f— h 3 80gg{±JgB 
tt, -f >U— h3 8(OJ:I<h^XAl 4©SIi^ 



^nsx^u 4 o^i»i:a§ 8 

it 6 *l£ l^— If— bf- A <D3£K£^#>T L £ 5 ^ £ T$ 
£ e -f>tf— h 3 8 <h^X/\l 4CDraT^)X^U 4 0 CDS 
U— if-tf-A3 4tDl/M:S»S 

#*_£>n£o L^L, £(&^*y:/tt/h;£^K£»$l, 
^ 0 CCD^^^7 p ^T#^fctt/h^t/^^ e J;i^^ CM 
P^ r D-feX*J4^Tt)<>U— h3 8^X/M 4K 

ftttfllTtt, -f h 3 8 t «>xa 1 4 ©K©* t y 

7*4, lOmils (250/zm) *n«, tt££ct£X: 

[0 0 2 8] 03 (b) \*l y7-r>16tA7n 

•s— h«»^n, Ay h i 8 \z\*mmft\i&&LtjL 

^ -tOftfrQK:* 7^ — ^> 1 6£)7fr— ;U3 OCO±(D 
S^TIi Ay F 1 8OS510P2 0 (3q£T*U4*) *« 
^S^nfco CCDC^tCct^, >JXA14<!:^7-f> 

1 6(0/S»tOW^»4, Ay H 1 8 0/K'J-Jl/^>*n 

-12 2^wSotv^c m-12 2\zm^%nz> 
#u^u^>*r»3W, if— 2*^e»cou— if 

2 0- SM*, U-if— t:-A3 4<Dfr#><DV<< >K£<h 
£o Ay H 1 8.gmW^>H^ilTffl^5 

seoT, tf— t;-A<DW*&ttas^i;a** 

X7'J 4 0l4S£^£#fiEL&^. £<9BiJ<BJW*fi*J<Bfc 
5— 005pjj«t4, Ay F©|R*6K:Bi«La:<3tc«c:i:T 
^^>o 03 (a) ©*!BtKWb/S:ft#:«n?tt. ^^T- 
*y-f >*— ht-^XA 1 4 tOIBO^ty ^»4ffl**«: 
tt/hS<Snt^fc. L^L/Ay K 1 8 J4iB«T*fc 

**<&0, -f>U— h 3 8^XA1 4fC«*bT« 
S^-^A^> e 03 (b) ©gijCDAfffi»JT»4, Ay H 1 8 

A 1 4\Zt£ti!rt'2>3LZ>\Z&fe2tlT^2>1tl&* Ay HI 
8<Z>««^i4W*3teS!f*J4tt^. ^--y>ir;Ko^< 
^OAy HR^-^tt5SiO^-f^/t7 H 

<7)^*«u— if-t-A<ossfk^a<&sJB*^an 

[0 0 2 9] Ay K0#A— BKffl^en^tfU 

if-i;-Afc»UTswiw»caiittt# 
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-5. COHIHjfttt, S3 (c) K«jWIT«^**B9J© 
2 CBSIft*. C©^7^4 2lt k— tf— tf— 

(Xtt^--y>-ir;n»jg) **L<e«.»#u9u^ 

tot. y?^4 2 £31-5 -5 U~ tf-fcf 

v h an*. 

[0 0 3 0] IMts+tt. **«tflE9ftCMP8IB. 
U— If— T*ff-*>5©U— • tf— tf— ASrfflUT. r7XA 

*. H4£#BUTB9Tr*. Iz-if-WnU^-? 
4 4. k'-AX7U y?4 6. StmUiSs 4 8 
1f-f»tt 3 2 OS*i Ufi*nTl»S. Cttrt*fTfc> 

fflM03 (a) <DM,#mifi. &&<Dfrtb\Z7F:t!tlZ>. 

MO±T*fflV^Ct*it?$, Sfc. U~tf— 

•5. HCD&tttflTte:, ^XA?!r>i=>KW£*l-53fc;^AWT 
3£5&{iB£&aJS^*£ttT^£. ;2tf>tt#6<Jft 

[0 0 3 1] E4{C0iJ^$n?. e fc5tC > U— tf— Stfn 
U^-^4 4fi, t'-AT.yj >y^4 6 ©TffliJSCtC AW 
nU j*- KStlfcU— tf— lf-A3 4£fg££i± 
•5. tf-A 3 4 f-AXyU -y^4 6R^ 

*—y-f>-V— b 3 8 ^McTitffbTtK. t?-A3 
4OCC0gi5»*W >•+}— h<7)T^fr®n«, fWiX7 
U4 0S:IoTefb, 4 ©^ffifC AW"T £. 

0 5CS¥ifflfC^$nT^S«t'5JC. £x/W4tt, ->'J 
3>£?:<D±(DM{tW>m5 2 (0iJ;t«S i O,) 

[0 0 3 2] ^I/M4l;AWt5f-AO-»l 

A5 4*Kti,. l**u ?t<D~m$mt<fom 5 2 * 

liSUT, -^CDT<£>S1S5 0tCAWrsejllf-A5 6 
Sr^fiKt-^o S4S5 0tCgJji-f-5ej£fcf-A5 6 
tt< tt)-«*S>6*«*{b*B5 2^K»U3gSn. 12 
ORWk'-A 5 8 &Bl&-?2>. B 1 ©Sltk- A 5 4 <t 



-A 6 OSrJgfiJcT-5. 
[0 0 3 3] ±5*©*#:^JT-«, #-©^k#)«$rWr 

d <D TB <D 7 D -t x *t £ D -5 C <h « BMt £ tl -5 £* 5 5 . 

[0034] mTfm4&mm-rtiixwM2tiz>£5\z* 

mi WSWt*-A5 4S^2©5Wk-A5 8 (12 
5) ©S-&T*^>*S-&tf-A6 0«. X5U40t-f> 
•tf— h 3 8 SriloTeBLjIU f-AX^J-^4 6 
<D±$>ft\zm?Z>. tf-A^yj 6tt, i&^fcf- 

A6 00D— &fcttg§4 8©^(6)t£^5. 
[0 0 3 5] y"5— r>l 6«ASe«)ttt, CMP^P 

-)v 3 o a, e*-^-ra-r-5r H nc^x/N 14*1 mrm 
&z.z>znztez>, fifoT, C7X/M 4l:i/- if— if— 
A3 47itAW-r^>B#fc^, U-if-T^W-3 2 

mmn&y>7>j><y?z>z:z:tfosmT-$>2>. l — -tf— 

£-A3 4#*-;U3 0 SriloTgC^WfCU^e^iatX 

j^»f§§^-f7 p «-tr>-y-6 2 (#J*.tf, L ED/7* h ^ 
-ft-HC^7) S:CMPglOyty©*5BS,S± 
IC«B^tl. 7"7-f>l 6(0^jlx-y vcD^^Sr^L 
TM. ^©^-f 7 p O-fe>-tJ % 6 2 tt, 5SUfcJttf— A*< 
K»f$nfcB#tr«tt{t:-r«.<, filt>t77^6 4^ 
•Jv-J-y 1 6CD^lr^l9^^enT</i-&. 77^6 
4W5x0f=t^BSC/fi$tt. tf-TSf*- 3 2 *6 
CD V— If — tf— A 3 4a*i!ffi£<£>'?-C > K^lgjttfc6 6 & 

1f6 2tt. 7"7- 7^>1 6 V— tf— ^ 
^tf3 2©jBg^|6l©K»ffl!lfr®B$nTtiT i bJ;^. 
77^6 4(4. 7*7- 1 6»C*ViTiaa*lSjCC-r 
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•5. 75^6 4 0ft$lt ,&ig*6 8 k:J;t>T 

1*6 2K<koT!S5ft£ttT^-5£ll3Fffl> U— tf-f-A 

■tf-HFSMH- 3 2 ir>1t6 2*i- 

Ate, «e*affftC*Vvtt>ttSftT$3D. #3891©*?* 

tot. ccfc«^©paa«ift^ 
mn-*i- ; xotttf&mznz. z.<d;^x 

>© 1 [Hlg©F H 1tCi*©< £t,>©:g;*££-5;i<hrt*nTtE#> 

£. 9*—yy>( >^oii&o:7'7- ^>©iHiex 

If— FtfifejrrSiKJSi. b*>U btf»U ttStfcJ;^ 

[0036] £©raHfc#-rsio©flf»*H*, 

tT*!,. Iftnil 7^>h'7iM6 6' (BP 

77^64' «, &<t£-ofc.v<< >\*<ymm&6 6 • k 
■vm&ry-^yizffi^mfztiT^T^*.^. z\o>r 

s&g#*S. b^U «h*^^©7JffitCt5^Tfc^©iEi* 
©ijg^te, 7 p ^-7 i >©&lEl^^«-r-5x-5'?X#B#^ 

[0 0 3 7] y^-T^^-JU&tf'?-* <h 



-5-e-©[Hite©— 8B©WK:£>f > ^©±££-57^ x^ 
7— ^>#— Jl'RtfSM >H«?©fi$tt. <7x/\©x-.y 

v -7- > k mm £ nfc^F* -y- > -? u > ^x* * * 
[0038] se^r. a«fc5 f -*iR#«#i3iHH£»s 

fc&KHKifSb^Tj&te, ^7-t->© 1 |siiK£JUt© 
tniJ, 0 2©fWfc, ^7— r>©S- 1 late 

f-T*D-©«^>7*ij >^sns. ^tc. x^y 
•71 o 4ru:i o 6 iz&^x. -y->7v y^zntzm^ 

mi e,nt©T*wi ^n«fcfc* 1 t?©-9->yj >y 

§ktW>-7V>ifnm&>±.\ztzf\VS.. 7x7^1 12 1; 

?¥. ^«tt>yj>yp#F^©m-»R^0fa©g/h-y->7 p 

U >^F B 1t©tfc«e©^n-lrx^^$n^»„ S&X^ 
ImS IhISSX \t V 7 h x. 7 T )l =f U X A ^ ffl ^ -5 #5- < © 
H l 7©iES-^X'^-^->©15l^©xtf- hMcg5^^c<. 

mmffimom'W >?v> >?mm \z m& ts&z mmom 

T -5 ^ 5 - -r > 13 «E © SSC /f t * €r & x. n fcj «t ^ „ 

[0 0 3 9] S9)S©mi ©R»fc*-AR^2©RSttf 
— Att, 04R^5JC^^n-S<t3{C*g^f-A6 0 

^ 1 ©S*ff-AR^m2 OEJfK-AtffiiCffiffiiJ 
&7Tl>5l&tt, mei«ffii4 8 t*3t>TS^:fii 
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mm^za^xm^mtu^. £*!■=>©£#*£- 

J: 0 &fcl $ n S g*M £ g/hfiS ©IW© nfftfr ©ffi <h 
HOlSftlCkD, t£ffig§4 8j&><=>©«^ffi 

•5. HUSS, 09 (a) Rtf (b) ©y^K^tlTU 
£«fc3K, «Hi«4 8^6©«^UJ*tt. jES2lffigM*© 
ISTWSfc^pCtAtiiSnfc. 0 9 (a) © 

^7 7it «pW (x-tt) cstaft-tJ-Vyj >iflsra 

AKCMP©^H£*&£L&#'E>. 0 4 ©gi© tf 
— ^fHU**^— ^T-B^tKiO. f#6tt;£fc©T- 
09 (b) CD^77«. 09 (a) ©^57*^ 

»**THl« ©#^ 7^ -a- > i: X A £ ©p B 1©ffl*f if 

09 (a) Rtf (b) 

f A/2nT»0. AttU— !f— tf— A©SS^|ig«E 
g. n«K^«CDa&T^T**-5„. S6oT. 010 
(a) K0^£n-57ji££ffl^nt£. CMP^DtXffl 

2th r-^fi^cinsD-'f ^;K^»*itnsc$n 

-5. ^IC. Xf7^2 0 4TH ffiTjff-Ef© l-y-f^JU 

•tf-f ?;p©gc£, iim ^;i/4>(c:^*$n-5«3|6f<7)p$ 

£©«K:$?L<&.5. it©Af7^2 0 8fli, Rfc* 

[0040] i&swa. ^*$n«)«^rofi&^-r^ 

^n-S^^g/MC-r-SdiA^-tr^S. 010 (a) ©7. 



KM*S*l*. #JA«, (BPt. .fcT-20 

ffiBr^T*^fcje>. -y-r ?;i/©;i©4#su&as#te&*ij-? 

777^2 0 4 711 11M P )KDf<H\Ztt 

t, ^©^©g&fl-^ft^-rs iu-r ?;p©gi$#££ 

fcllf'f ^;U©JP$Sr 1. 5gLT. IM^©^© 

sbtt © ra fc i** s ttfc»fb«« s & » * n t 

5. f©(l©7f77'lif(0SStx&^. d©SiJ©7 
^D-^roiE*©^^^*!^, CMP7 P D-feX«, -if 

T. (*£3n*tttt©3 «£/ ! ui*©'ir 

[0 0 4 1] ££fCi£^Ti*fc:£i££, "tf-f ^;KD|*te 
0XW^-©8C»*^iS»{Cfet*-5^ttC«tt), 3fM©a© 

fcfofcoTl**3ftS*m©*S»f*b^«U fifrM© 

«o«»3jt|»***i*fc : faisn*:t*fc¥)Hs±«> 

-5, M©^rtt€*ffl"r*Cfc«*T#*. £©S'J©#i£© 
»iL^#«tt. 010 (b) izMBZtlZ. *:Z.\Z 
mZtlT^ZJiolZ, flCXf 7^3 0 2(1 &fiJI§ 
mmz&^T, «*ti£«/hit©**!J©$B£©M©«rra 

fc, XT7/3 0 4TH i? )V<D*:<D%m<»m\Z& 

•etT. Xf77*3 10t!t £©580©Bfc5£JP££fSfc 
[0 0 4 2] L^L. ^tt}§§{f^©raSS. Rt/EP^f^i 

R#p B i«. mmmz\t. cup ■^a±.^<Dmn\z-z>nxm 
±xtt-5-©jai©-5-nHeti('^bT. m^Dtxwa 
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tt^sft-s-tM' m*>i. simpm ©p*i 

z>&?\z. *<nmzti.2nrcfcm±x<Dm\zf&3ki<titc 

» 0 ©IP $ &*r fc KMCffi * nfcl^*jiST*K? L TSS 0 © 

§§«*»© i im v )v<r>mfe<r>&ftifi£.vz>m\zm o©y 

n-fexifW&ll-jrLS-r. ;i©:/a-fexte. ;fc©K«£ 

m&x&zm\zmo<ncMP7a±xmm* t tf.<uz>&. 

■vmttZtlZ. Xr'y/3 1 2 fciRSftS £3 fc. £© 
^-OhTCMP^P-tX^TT-S. ASWCIJ. & 

tstiTc&ofc&mmamuz'hs^rdz?. ^x, z. 

[0 0 4 3] ££fcj£'<T*fc : E=.$'(D^JStt. XA- 
Xfc® £ *T 5 y 7 > * SEftfJ S XAlC*f V X &» \Zl& 

A^-x>^£nfC7XA©£-< C» LTd©^IH^ip 

-r««Aio«»«. @ii (a) ~ (c) wtitmm 

5 2©Sffij£f£7 2. 7 4. 7 -?-©T©$S 
jg#7 8. 8 0. 8 2 t mmi>XM7jk-£tl2>. dtlS. 

tt. jHWa/^-->^*nt l JxA l 4±t;lf, 

tl, CMP^D-tX^lC^bLTI/K. i£f£7 2«itt5t 
tfj/j^fcigfrr&o. itf^7 4tt+<f>^©-y--l'X*©ji 

fre&o. aiff 7 6ttJtttw**a:iaf^'r*«». si i 

(a) (Ztt, W«Hff©jifif^ 7 2 . 7 4. 7 6£^kU 0 
11 (b) «W^yD-feX©*St*©jgf^7 2. 7 4. 

7 6^i, 011 (c) vmm-7u±.7><DmT\zftv 

fcj6fP7 2, 7 4. 7 6^it. 11 1 (a) T«. /h 
SU^©jgf^7 2tt, <p<*S^©jifP7 45^tl^ 

<e.^©is^7 6«. ^taif7 8J:o i bf^asT 

M-s>TVK7t*5-5. ffifP7 2. 7 4. 7 6^TU< 

*tf. /h$l^©jtf^7 2«SSJtttii5t^^jgft*# 
UTI^-Sfc'.S?**. Z\comm\Zfflm7o-t!:X<plzM'PT 
%>tl*>0. fcT. 011 (b) (Cte. jgfE7 2, 7 



4. 7 6©il5£^i3-K&D&#T^fc:©#. 01 1 
(c) (Ctt. ifif^7'2. 7 4. 7 6©?Sl$tt|IKW(Cl^ 
— K&oTt^^^StlT^-S. X*©g&-5jg 

4. 7 6©^*i^*ttj&>e>©ii*©EW©:£:T^e>^#ft 

■5. 

[0 0 4 4] LfrU ±^©«k5(C. jgf£7 2. 7 4, 
SfoT. itf^7 2. 7 4. 7 61:^0^4^ 

scit*iplfigt^s. c©;£ftte. 0i2tc«aj^^n 
i*©iES:^©^kfC*fr^-t)— ^&nt>tlZ>. 
51:. CMPO?0B»7t5. 

[0 0 4 5] B13H CMP©^l®^fft?nT^-5t 

* ©a ^ - x > t?z ^ x/mc^-t *&i±i§§«*i©ii 
^mmznvx-^u-y Mfc^^x-ss. c©^^ 

sn/c. eeoT. z.t\te, z z ¥-zm 

(squared-of f peak value )#*tk£*IT<^-5 Z. <hS:UJBJ 
-IfMt. Zt)2 5 0%><DLZ,?>X'm.ftX^2>Z:ttfm2 

^^-r A©^x^fc*5v>T, mm&^-3%3£ : &fr&mm 

Jgm T # i7 ;p©4>ft < i f c 
ecoTt^ii-TTab-s. CMP©^WiA^T-r^Hfr 

x./\oi%mmz$>z>-vr'( xomuzj&ft&mm-tz z. t. 

\Z& <0 ±CfzS -f X©^k&**ElC*LT^-5©T«!fe 

»ic. ^«ct»#»©«)e»t36*9xA«ffi*»ei»*sna 
< ^ jp« t w hut 3b -o tz z. t m a n/t. 
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ommzmz z t *>nimtz*> o . aswa. 

£;PJK±&g& -5. -t©a*?»4. JBV»T 

^Ftft^xASffitcrao^+yXo-iMXtt. ore 

[0 0 4 6] U— tf — T*W-J&> CDm*ft^/5HiOJiaS 

mn* ; ?i?*)\>®mi,. z^^n^r 

)V 3 U X A £ ffl -5 C <h #T £ -5 fc* 5 5 . t ©«&;frft 
14, *n#ff3l5, 0 9 7, 4 3 O-^fcM^Stl, ■?-© 

fC, *-^C7^ > XT •&*:#©«* &Jlfc]©7 

#S©^£©£d3K&-5££;to&g-ea&D. c 
©BUS**, X-f ty-fon, Mtffc^xA.htfxAt© 

zomm<Dftm&<v&zmm\z&m&fj.^tc?>? . fa 

Yt©^ffi©S6<Jf4, XA-XJ.O¥a^ffi€-f^^.Ct 
T-*0v «rJ£©MtJP*fls*i:£T?tt&<r». Sf^T, 4#£ 

©anexttra c«^-y--r xstt -&*ifi©s©±»::«UP 
zmm-rz z t««a* um§^(4, sij©*s^«ffl-rs 

[0047] mia>©*n<. y-r±©/t^-x>^^nfc 

*aw±K»ffc*©B*»j8**££:K:J;D£Ufc. X 
-f X©g&£«BiBfm*-*l-eft. ttiOHftlfcRtffi 

^®iif^©^n-e*n© jii^^s.r/^is^itRgjc l- i # , 

£i;*T#e*©afte©Htt»Rtfttffi**»£u ^> 
x a tc t f -a <t ^ i - n. x z> tk m §§ m n £ ± £ -tt & . 
l^u zomn^mkm-r^ztizi: o. #9j&-y--rx 
©jfifpxf4H«©-y-'f x©ififp©»s»^T. sftsjg 
g?TW«$ns n t t&s^T©jgf^©^(i#©^# 



[0 0 4 8] #B-r^jfif^tC«koT^i;S^« 
*f©fi£#©Jf!Z£ft£. fI^©©3©lWC&5£UT*5<&> 
g#<&-5. ±{c^Bg$ti^^^©^j¥*#-r^J;p 

ftWjfi \zm& l « w*t/t * -x > ^ £ n*i x-r £ 
#-T-5liKM-±tc c M P Xn-fex $SI«g-r-2> c: i: fc<k 

cup7a±x(Dm'p\z5£i££>n2>8im&m^*, mta 

[0 0 4 9] -}XA©CMP$aS©S<N::. -f>->^i 

5fcfcl:«#£oxr7^. 0 l 4£#HLT3o 
KML.W<. Xr7^5'0 2Ttt. ^tiilgfS^^^^ 

©;\*> hv-?x7^;p^©s^&fflViTllff $n-5o ^ 
mfomimmz%^zm<Dmmx\* j t<Dm<Dmr<!i<Dm 
^Tfe«fc^) . -^^^^©c:©^ (gp-^i. s-b--f^ 

;W ©P B ^^*$nS«»©*t4, Xr77'5 0 6l:* 

o 8tc*$nTti-5<fc'5fc. ^*^tiitw©ai&aii^ 

•5. *©Xf7^5 l 0Tt4, XT7^5 0 

©«i?^#x-5/?$) fr^manx. moaym^m^ 

*LT, 7T7^5 1 2T«. ^©^0© 
l^*l?S^mrai©^*iSST^L. CMPXD-feXSri^ 
T$T£©< ^Sa»£8Mrr«. d©310© 

■5C<i:Xf4^-©j^[cMLT. Xo-feXjWEiKSn*. ^ 
?T, ^©*te©Sffi©K«(-*3tt-2)tl^il(C. ^:©« 
^cfflR^S/hffi©^igfe©W©^fffl*iSte$n. C©^^: 

«Rr/*/h«©»*»c«*$n*-y-'f ^ju©»» (BP-fe 
i. 5im?;i<) ©p B i(c^*$n-5«^©j¥^^ai|Sffi 
Tin, »sa«*«»a*na. u^l. ^©x^-v 

X5 10TH4, Jg5I»^fC^$nTV»S«fc'5»C, ^©W 

zfrzmfzmiz&feT*. i*^n^tso©fs 

P^P^^ft^-T-S^T, Z<Dyj&V>^<Dm<D&tttelslC 
C©XairXt4. ^:©Sffi$ri&»f.n-5*Tgl 
0jg^n^>„ X^-yX5 1 4 (C^$nTt^-5<k'5tC, d 
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[0050] ±m<Dmm&mmrz>tcist>(Djjm-£m i o 

[0 0 5 1] U— tf— T*W"fcJ;T>T«*-r*U— !f— 
fcf-A©tf-A©*g (gp-fe^7j?.y h) Rtf«ft£*f<| 
fc«fc -5 KKMts-T « £ t sO«BTtBT?* £ d <b fcStca*^ 
II 5© (a) (b) \Z7K2t\T^2><k 

kf— A$?©*B©3*<^tf— A8 4(4, ^X/M4»Sffl{C 

.7*— AXT^T^&HjEHbf— A 8 6 «k <0 
/h£&jgi££;t7A*--r-5. £©3£t^fc:-A8 4«. 
tf-Atit^T. «ffi©^l%— 9 0t«kS»a (BP^tf 
-A 8 8) <&^i;^-r<- fcifftS. £©j£<^tf-A8 
61WIA1 4CD^B©Hlrj£l/iffi«fC/2:*iO, ^®© 
^i$-9 0 J;D t>±£fr^#££l"&T&^£T-&-5„ ft 
oT, h'- Att«»M5:*t 5 u t i & D , <^X 
Al 4®«iBS»i!|-r*t*Ctt, 

tot, HOlii»6, tf- 

Attj£t^*«»*uv». u— y— A©«*jc<-r* 

[0 0 5 2] £tc, 0<0\ t y<T>%L%-tim.fi-<n*\Z\i- 

? > ©eme#©5*- * tc^^. mm &m e> r - <t c 
*vm<D-%m£m\>*tni. c©c<ttt*s&raiHfc»i;tt 

t>ts.Wz?>?. £— AjWE^i:, t*-A^ViB# 

Kit^T. ftx*;i^-££9*£&®«(cfefft£-y-T 

tt. £Wk*-A©&«©nxrti&mi;::fctt£Ma<i:tt& 
< <k 5 K U— tf— T^ft^ ■=> CD I/ —if— t— A©tB 

[0 0 5 3] V— if-e-AWj&fifcWUTte. it**!- 

•5. LfrU *ft©3SB©fc*-A£ffl^-5C£:;Wf? $L 

&mm<t>iz®i&2nzmn&'5jmumQ'ptz<-rz, 

uir^MSLK 0<J*J4. *-f d/;KO«cXtt-t©— 



[0 0 5 4] *JKU— *f-¥-A&M1R?2>Z.t\z£ 

o. &g©^iR(c§i^£;in<s©2-?©*fiL-r-5gB£ 
[0055] mtt.&*#m 

&£.Ltz=F&$iM\z£o, mm-JutxizMTzm^tz 

£fc°JjtiT&£<> ;i*l<=>©i3g#£, KTCRfltS. 
[0 0 5 6] ^zd£©llS 
SXA/SMR©*Bfctafc-3T*9— &*i5JB£»«fc» 

¥ffifls©8Mts*<— &WT*U4\ £xa 

© * i i> 1 V X A © X y £ *i j* S T W « £ tl & ^ # 

uztztb, vx./MtmmT'&tj.Kuztzz?. mmz 

>->5 L i>?^«fc*5 ; — ^©ffi^Jfe^x— ^ffia©5R*© 

¥&»e>mi]&i&&&Vi<Dmniztt-oxmnz>. c©tf 

-^<he-i7©^©ffig|(4, «»*fO<6H»icSft 
ft**»SLTtJ5. d©EKiSE{f^©]l^Tt4. SC 
K^ttRWBiJOjEKJftm^feSFfiE-r-Sfc**'?. COS 
fcS5t^iK»©*©«^©ffi*it4, i)l/\©«I4#t 

[0 0 5 7] «^Hj([ft«)ff§«t«n%IAH, EAT© 

c/xA*B^«:©«*ac«Bf*-y->7 ri J >y (xtta 

S) t5. W«*(4, ^--T^t^x/Nte 

«*ns^#@*^th^-5fc«)©^7-T->(^©* 
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-;ko±s. v^/\mm<Dm«ti.mmmm-?z>. mm 

So 

[0 0 5 8] ^»R<DB^(t^Wt;-^ttr— ^WFbIW 
ISA,, J$-H4©R«£&*. CiroJt*i/h*< 

[0 0 5 9] ^— t4ORSSrf^0tt|-rCMP->X^A 

3StflHMWr«tf"3fc»60=i>Ka.-^ 1 5 0 S 

»Or^ X^Kary h 1 6 0<S;IAt^5. n>tT 
=l-9 1S0B. Mf)«raaW*fti9tttt*fT3C& 

[0 0 6 0] tt©R££:5E££li:S;fc©fc:, 3>fcf 
1-3-15 0(1 HI 8KiK£tt«J:5ft11*tt9fttf 

T«r»*. ^tlKKLTte. 3>tTa— * 1 5 0tt2OC9 

$7^M152 <hl£^jS7-< 15 4 £JS#rT*. 
imWL7<()Vir 15 2H J9— ttaMIHH***^^** 

■5. cne©i 

j§*^WM#CD<SttR5 U (mi 1 1 iherlz) ^ 

i^AStl*. HIS. RIHtlxT^»*«#©H»!3*«** 



[0061] 019 (a) Kte, Sl^v-X^A^S^ 

019 (b) e*3nTfr>«j*ift0ttiftJi*«£i;&-a- 

*. MttR7^^ 1 5 2«SSHiSi/£#£ji 

*?U tofflfiEM*7M/T, 019 (c) tisnx 

[0 0 6 2] n>tfi — ^15 0(1 7^M152R 
tfl 5 4©ffi#fi^n^tt©bf-?£t:-^©F«5JcDiI 
HSMCTS 2 t?©&4Bft£WflB 156SOtl58« 

(bpis. A hr /A„) stmc-ra («tgyp«y^i62 

IMRttl 6 4 ttfcttb C/n y * l 6 6mm) T*. w- 

linear u ^u-^tt 

r. 

[0 0 6 3] feffimmmt. mm^$>^@mfrt>nx^ 

TW*3*lfcJI«)J%-- ttfc^n^-e***^::, d©tfc 

Rr//X«<SrSl^^mT^S«tofC n>tfi-^15 
0 ^^DtxroH i; n> o tH^T?** ZL iitfmt. 

3. 

[0 0 6 4] ddlCj^fc^fimS. 3>tfa-^±TS 

[0 0 6 5] /N*>H/tX7^;i/^«. 

R{fc0«JT«. Ctl^teF I R (finite impulse renspon 
e) >/VlXI&&) 74)\,fr~Q. H&ftXtt&M 

Sl*£(time domain) <D l^-rnA^CMLT^iSnlffiT* 

i,T7-f;^'J >y(fillering)*^ifi-r-5fc*tc 
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[0066] mwuy a )V *©s&£4#5rt Sfc*, V 

«HT$5. c©tit$8te. f*mi«W6S8i: 

fttt. -j7XA &{fc#j©n-^ >£f©**# 

•f S^v^^XA) ©Ayf (0HAtf2 5) &fT<^, 

fix-**, ejia&m^©^-^ 

^•r-5C<J:^nItgT-*-£>. *S1&, d©t>?-0©7:?*D 

S fi 5 fCifc^-T -5 C £ *t BltgT t & -5 . 
[0 0 6 7] |^«<D#ffi ; BP 

*, CMP ->X^iA^^XA$r0f«bTt^£^{C^ 

ti-fr <=>fg-tt e> ns h u-x c i*MiiT-<& 

/WX (0tJ*.#, v^x) lc«k«3, hrtr-fX^K 

^ ;p * at^c £ ^ ±-r •& «t o k n > t? ^ - * k y n 9 ? 5 
tf/:mx^;i^iis&©i$ra^3i^«. *oao5f* 

[0 0 6 8] ^ntXy^f t 

©#tt) <&^LTt,^„ c<Dfzit>, una, s?sa©:*^ 

l/-->3 >{'*f LTv-X5"A<D!f#t4^#^.S/i<*tCWffl 
&ttf«S-5-*.*. S * L < SM£ £ ftTV> o 

own. znrc 0 , #r u ^©x 5 u a'cmp -> 



£ 3 rt> -5 -5 . C M P -> X r- A ©t£<|g lc *3 

JLttl Lfc. IP*. JWHtr«^ffiLTU^*^fcct^^, & 
Z>MZ&,mzft&LT^fc&mtf^t?Z&7t£. 

[0 0 6 9] CCIOKfiSftSJMMraa. ^F#«-«Jg 

t?fe-5. «&©#&«. sfraico^ffi^ffltiT. w«© 
«4"fc$fi£T*^»tt©»^a>&«ai;:»* eta*-?* 

£. ^X^-A*«iEfl6Jc^$nT^n«, <t#^©w«^ 
02 0 (a) \ZMm2tX. SkT 

\zm.wt<nz. mmz, mmzmftznz^iiT'&z 

ifc*>oTV>4CMP8tl:»l/T. (BP 
*, 3^*^ + ) -a»38*5n« (X^-y^2 5 0) . -> 

x7-&tfimm\zmftvx^z>fr : sfr<D&:mz, umox. 

AOty H Sffli LTf OMI & (8tff c 1 1: i 0 . 
*^WC^pItg-e*So »?>nfe^*sx^-y^04> 

[0070] tt»*»»snfc«»4. #^©*a-r-5!f#gs: 

-nti, «fw->X^A©tt«i©ff<ffiCfflVi-5##«StU 

xmm-rztzsbiz, «#$ti-s (x5r->'^ , 2 5 4) . * 

-2>„ 

[0 0 7 1] 02 0 (b) t;:^£ti-5J;-5K. 

t. «^£n-c^fc->^*3^ (x«»m$n/t#®) 

^ffl^T, ®}it©ffl^T\ -g-Wi/X^AXtiS'JW^X^ 
A©«f1±Sr-¥A-5ei£^pI^TJ&-5. K3a©^:*(C->X 
T-AlClftt$-^A-5feJ6t. f OyXrAC^lTlr L- 
^->^^^^#^n (Xt77'2 5 8) . f glTH 

260) . -etr. mthtsntz&mz. <&me>mmm<D 
mz&-oT&WLttift>nz>&o\z, *fp©*'f>h*«. 

ffi©HH©RffJ£©ffi«CAoTHSJti:e>fcr. ->X^Att 
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-5 (Xf-^2 6 6) o ecoyp-fcX^gftMfc^n/ttl 
U ^PlrX#X^y^rtKA-?T^&^<h§££5gL 

£nTU&l^£<h<Z)fg^Ta&!9. ^COF^I 

:/p-feX£»©— 8B£®iEf;:Sa8SU T'P-fcXSrX^y 

ff^£iex.ntf, ^"^U-^tt, *HrVty^-©X5U 

[0 0 7 2] *^U-*lC#LTEfc#£fc*«£lf# 
[0 0 7 3] &tH, §a&#X/\<D$&S£LOt3fc, X 

SE*^Piais$n«fb^A5/^<ox7U*<fflt^e.ns) >t 

ZfiiZ. RZS, CMP^P-trX^Sfc'X^-y^f^JCfe-SC 

[0074] a*tt. z/if^vi&mfrztim&t&m-t 

+ XttT#fhDi!ic»&. Mfci5feM^nfc^a-C^«TTS 
dtfeoItgT'^-S (Mxtf. «A,cO-{«J£^tfn&i\ /t 

)WJXA, XIJ-a-7M7h7-i'§) o 

i«saiana*«*ea"r**>o*ffl^*c:i30*T* 

[0 0 7 5] £fc. ^k-^»l/TWI«» (in 



nfcA^j-c«, p>tri-^t)jas<DW. s s9tt* 
Atensffl^TSsottfigs^x^-r-sdt^wffitfe 

[0 0 7 6] ail*3&«R»Otttl5*fflt»*CtfcJ:0. 

Ktt£4>nH#*ft -5 z. t 2> V 7 h O x 7 
7)V30Xl±&W.*>\zm&?2>z:i:tf-5jm-V3!>Z. 

[0 0 7 7] #JjE£iga6-5;/c*!><£>^ 
»J©^flc«T?tt. T*ttt9lAtO|ll|C/V; Kftco? 

e<£>tfiR«> 02 1 (a) KflJScSn, 
>— 2*^^-&6n^)l/— tf— fcf— A3 4 

/-!7H2 2^iaLTfeigSn, gSt'- A7 0 2 
SiBfiKU £fc, 1f-tf— A3 4©— «tt. A y H 
2 2Olil7 0 4^eS«t$nT, SMk-A7 0 6 
ZBtfttZ. 5Wk'-A7 0 6H x—y-«^K:*L^ 
tttfE (DC) ^7S£4i;$t5. 02 1 (b) tt, Z. 
<D->7 (fr rt> 0 <f KifS 

fe^$n5DCy7MiIfi*l:WltiS8. 0 

w&B**o~ i o#;uh0>ffiK-r»fl2UT^nfcr, dc 
uiii, fltf©Dci«»sft»xtt*Pi!Uftitntt^w 

lit. «^©*ffl&W«-*ataTL.*31S*S 
^X-Sfc^p. DCy7 h^C d fClBfJ^n-Sa t*A^ 

S^SiJi-SiSnns. t^t, CW^&DCfiK 
[0 0 7 8] 02 1 (c) fc*fi*»n-5«t3»C. Ay H2 

2o*«©^-< >H">*«isJt-ra««c«affi7 o 4* 
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-s. mm±\t. fscsi®7 0 4' \t. &m^nu^7 o 

0 4' *»»U -t©W, — «*««fSLSn*T?**'5. 
LfrU Cltt7^#ih©ttfi£*L<»teSl£teftlA 

[0 0 7 9] 02 1 (d) \Z\t. &Sl®7 0 4' 

Dc«#*«^wfc#i*r*&fi&<aas3ns. 
[0080] £©j:3e*affijWfeftsj&»w:. fts& 

raiT?tt!i^. W*/ty K©gffl©£-r >F>7©ifii2£ 
[0 0 8 1] 

[fgW©#>m] Bl±SMHK:K9lbT#;fc«fc5»::. #5891 

[0 0 8 2] Z\<Dtz£>. W«yP-tXtcKUTIE{gtt* 
[0ffi©ffi*ftIfc9I] 

[01] tt^jswoAfflwa^rs*^^*-*;^';^ 

>^ (CMP) SB©<MB0-eafe£. 

[02] **«K«oT«j«snfciijft«W}«twr* 

[03] (a) ~ (c) tt, 02©&«©>7^ >K9tf 
[0 4] U-lf-t'-A^^LJLoSWLfc^f-A 

[05] iz-if-e-A^i/NtAWb. e-A*ig 
0 2 ©ggK «t o rsaa $ ns t # x 5 > f 

[0 6] v<< >YVt.±.>*jry 1 7if<Dm<Dn*lWS& 
B. MZ/JC. -fe>tft U-tf— ^ff-<h©fSj©t§*f«J& 
8HS©. 1 -3©W#gtt£?fct\ @2©8I(»y7-T> 
©fBHSfl<J&±@0T&-5>. 

[07] ^-f >H«>*«n5H«T**«^<o, ^i , >h*r> 

©7^-^>©fOTSW&±B0T-&-5. 
[08] *%^l:SEofcK»m&T-?SfoJffi©7 

[09] (a) Rt^ (b) \t. *<fc»tfx/\*» 



(a) >^nm:*)fct3T«»*nft 

[010] (a) a. *$tm\zur>T?7>>7mmv 
x a (Dmmm & u < t % c m p zfa ± x <Dm& &fem 

ni^ffMC^D-yi'SiTfeD, (b) tt. 

cmp 7*n-tx©»j«*«m-rs w^r ^sjswy d >^ ? 

^0T?fe^>. 

[011] (a) ~ (c) tt. 0 2©gS(C«toT^a 

^n^^^^-^s^wr^. A^-x>^£*i;t? 

XA©ffiB§W»f®0T*-5 < . (a) tt, CMP7*DtX 
cDHM©^x/\$*t (b) tt. 7*otx 

^tfoiAsatHTJbt), (c) \t. fgftsns 
[012] *^Hjicse-pT; ^-&®«*rr*/^^- 

X > 7" $ tlyt 0 X A £ ¥S<bt" -5 J& © C M P 7 D -fe X 

[013] A-^-->y$ntcxA©¥aft©i4' 

^t^77T$5. 
[014] #589iK:fl£r>-C. #S£©+K xo^i^nt 

©±tjgfiKsns^©p $ *a»t5fc»©cMP 7°d 

-feX©. ^Sr^-rsfc©©^ffi©7o-y7^0-e* 
[015] (a) \t. ItgO/hSttU— tf-fcf-AKJ: 

^fB0-c^-5. (b) it;g©j£^u— y-'-b'-Atc 
ioTjBwsns^s^sfcrastf-rs^xAwtttow 

[016] #i%-&>>xA«iiifcH-ra*«««#s^ 
tr. 77>7 gE{b#j©^k©S4>(c*3tt^u— tf-T# 

^^©^-^fi^wjiaiw^^kSrS-r^^^T* 

[0 17] T^H-t. T#W-©ffl#«#©«»£AWrb 
T iSS-r & <fc 5 C 7 a 7" 5 S > if ts titz n > \± a. - ^ i 
SStSCMP ->X7"A^^i-<ieK0-e$.i.. 

[018] JS-tOOyfa^fCtX^Sian 
>hr3.-^©*T'ff *3*i£$Hg©Xn y ^^0 

[0 19] (a) - -(c) 14, TS*M-©«^. (SMSt/N* 

> H/tx x i:<t0 7^ c*>tt ?.nfcg©w 
th©fS^-, M^C, i6Jli&A*> FAXX-f ;u^(ctox 
-<;u^tc*Hte>nfc«©T#th©M^*, ^n-^'n^-r 

^7 7X^5. 
[02 0] (a) , (b) te, ->X"*^-v£5£££-tt-T 
in C M P -> X 5^ A © 4" Tf ffl t i T S3 B W 5 J: 
•5 -5 *:&!>©. 7D-ft- hTr*-£». 
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[02 1] (a) Bfi^-yKS'J^KOiLtffl 

>h*9ffl»Ofl,#«OflM»Wa:Wf®iaT?»*. (b) 
ti, 02 1 (a) <Dm#M<Drty FOMMfrZCDfcttiZ 

z« (c) Km*WM-?z>%Limm$:m?z>V4 > 

•>»»0-ft#:««)fBl»W»r®HTf**. (d) tt, 13 
2 1 (C) ©*#«OAy HWttaaSWi^StbT^ 
y F 6 roSW J: D £ C&fcSft D C W 

10-CMPgg. 1 2 — Wtffsy K, 
16-ffl^7-f>, 18-/tyH. 2 0 -MO 
Jg. 2 2-M-i, 2 4-y5-f>Oti* 2 6 



-11^7 Kfflt-ti, 2 8-¥frfMft7-A, 3 0- 
3 2 - U— if-^fh 3 tf-tf- 
3 6-/3J^, 3 8- V<i >U— K 4 0 
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